Objective: To investigate perioperative changes in the cardiac parameters of anxiety, which are blood pressure and heart rate, in patients undergoing surgical extraction of third molars. Material and Methods: Patients who reported anxiety before scheduled procedures were monitored for cardiac parameters before, during and after the surgery. The obtained data were analyzed to determine if there is a certain pattern of change within these values in systemically healthy patients. Alterations in selected parameters with regard to duration and difficulty of operation were also studied. IBM SPSS Statistics was used for data analysis. Repeated-measures of analysis of variance (ANOVA), paired samples t-test and Kruskal-Wallis tests were applied and a significance level of 5% was assessed. Results: Difficulty was categorized as minimally, moderately or very difficult in 9, 28 and 3 patients respectively. Mean operation time was 36.18 minutes with a range of 8 to 91 minutes. Operation time showed no variations with different levels of difficulty (p = 0.268). No statistical differences in any of the parameters listed above could be identified. Conclusion: Despite the common belief that dental procedures initiate anxiety, this study reveals that physiological parameters of anxiety show no significant changes over the course of third molar surgery, likewise difficulty and duration of surgery do not cause noteworthy changes in these parameters.
Introduction
Traditional vital signs are temperature, pulse, blood pressure and respiratory rate, and they are essential as part of physical examination in medicine [1] . Non-physiological changes in the body are expressed through abnormalities of these signs. Two well-known factors, which influence vital signs, especially pulse and blood pressure, are stress and anxiety [2] .
Medical procedures, whether invasive (e.g. cardiac surgery) or non-invasive (e.g. sigmoidoscopy) are shown to increase anxiety in patients [3, 4] . However, when dental procedures are concerned, even a simple visit to the dental clinic aggravates anxiety [5] . Anxiety stimulates adrenal medulla to secrete endogenous epinephrine. Hence, the direct effect of epinephrine on cardiac system causes an increase in blood pressure and heart rate [6] .
Epinephrine is also used on a daily basis at dental clinics as the vasoconstrictor component of local anesthetic solutions. Some authors are against this usage of epinephrine advocating that there is a high risk of systemic absorption, which may cause unwanted cardiovascular effects [7] . However epinephrine used in these solutions are relatively lower in dosage and are shown not to have significant effects on blood pressure and heart rate compared to the secretion of high levels of endogenous epinephrine during an anxiety-inducing conditions [6] .
Third molar surgery is one of the most common surgical procedures in dental clinics.
However whether there is a pattern of blood pressure or heart rate change regarding third molar surgery specifically within anxious patients is not yet known [5] . Therefore in this present study, we monitored changes in blood pressure, both systolic and diastolic, and heart rate before, during and after third molar surgery in systemically healthy but anxious patients and evaluated any relationship within and between these values, and operation time or the complexity of surgery as well as age and gender.
Material and Methods

Data Collection
Patients who were scheduled for operation and reported to be intimidated by their operation or mentioned being anxious regarding their surgical procedure were monitored and documented for blood pressure and heart rate in the Oral and Maxillofacial Surgery Clinic at Akdeniz University, School of Dentistry.
Local anesthesia was achieved by injection of 4% articain and 1:80,000 epinephrine (Fullcain Fort, Onfarma Ilac, Samsun, Turkey) for all patients. Data on operation time was obtained from the hospital records and noted in minutes. The difficulty of surgical extraction was evaluated using the classification systems of Pell, Gregory and Winter [6, 8, 9] .
Blood pressure and pulse of each patient were measured and recorded three times over the course of surgery using the same monitor (KMA-900, PETAS, Ankara, Turkey) and were noted as pre-operative, intra-operative and post-operative. Pre-operative measurements were performed after patients sat down on the dental chair and before the injection of local anesthetic solution. Intra-operative measurements were held two minutes after the mucoperiosteal flaps were raised. Finally, post-operative measurements were recorded after removal of the surgical drapes.
Values obtained from each parameter were compared within themselves for three perioperative measurements separately. Additionally age, gender, operation duration and complexity were analyzed to seek any associations with these values.
Surgical Procedures
All operations were performed by the same surgeon who also pre-operatively assessed patients' medical history and current general health conditions. Local anesthesia was achieved for lower third molars by inferior alveolar block anesthesia and infiltration of the buccal nerve. After the injection, peri-oral tissues were cleaned with 10% povidone-iodine (Poviiodeks, Kim-Pa Ilac, Istanbul, Turkey) and the surgical field was isolated with surgical drapes so that the nose and mouth of the patient were the only exposed areas. After confirming anesthesia at the surgical field, incision was made from the buccal gingival sulcus of the second molar to the retromolar trigone after which the mucoperiosteal flaps were raised. Osteotomy or tooth sectioning were carried out if necessary. Repeated-measures of analysis of variance (ANOVA), paired samples t-test and Kruskal-Wallis tests were applied and a significance level of 5% was assessed.
Results
From the group of 58 patients, 10 were excluded from the study due to having a cardiac condition or being on medication altering blood pressure or heart rate. 8 other patient files had missing information thus leaving a group of 40 patient files to be included in this study. 17 males and respectively. Mean operation time was 36.18 minutes with a range of 8 to 91 minutes. Operation time showed no variations with different levels of difficulty (F=1.37, df=2, p=.268).
Systolic Blood Pressure (SBP)
Overall mean pre-operative, intra-operative and post-operative systolic blood pressures were 126.83 ± 15.7mmHg, 125.93 ± 16.8mmHg and 122.05 ± 15.20mmHg respectively. Change in systolic blood pressure was not found to be of statistical significance over the course of surgery (Table 1) . First three rows of Table 2 show individual mean values for minimally, moderately and very difficult cases. Statistical analysis failed to show any significance between changes in blood pressure and level of difficulty as well as operation time (Table 3 ). Similarly, gender or age were also not found to have an association with peri-operative measurements of systolic blood pressure (p>0.05). respectively. Change in heart rate was not found to be of statistical significance over the course of surgery (Table 1) . Last three rows of Table 2 show individual mean values for minimally, moderately and very difficult cases. Statistical analysis failed to show any significance between changes in heart rate and level of difficulty as well as operation time (Table 5) . Although heart rate did not show an important change over the course of surgery at different age groups, gender-wise females had significantly higher heart rates at all three peri-operative measurements (p=0.032, 0.002, 0.009 respectively). 
Discussion
Dental anxiety is encountered very commonly in the population [10] . It may reach to a level that causes avoidance or cancellation of dental visits and eventually leads to deterioration of oral health for some patients [11] . Although the main etiological factors are not fully understood, previous traumatic events, observation of others undergoing trauma or demonstrating fearfulness and informational transmission may be blamed [12] . Nearly three out of four adult patients with severe dental anxiety report to have a previous traumatic dental experience [13] .
Increased respiration, muscle tension and blood pressure are some of the physiological manifestations of anxiety [5] . Some authors reported that even the idea of future dental treatments is a source of stress and causes hemodynamic and cardiovascular changes like high blood pressure [14] . Therefore, physiological responses may be expected during the actual procedures as well.
These responses occur as a result of hypothalamus-pituitary-adrenal axis activation, which results in cortisol secretion and thus an enhanced sympathetic activity [12, 15] .
Several studies report on hemodynamic changes during dental surgical procedures. However results of those studies are contradictory. Brand et al. [15] claim that dental extractions cause both systolic and diastolic pressures to rise. On other hand Gungormus and Buyukkurt [16] report no statistically significant changes in systolic and diastolic blood pressures. Contradicting to them as well as our results, Cheraskin and Prasertsuntarasai [17] found significant changes in blood pressure before and after dental extractions. Moreover, Nichols [18] state that blood pressure values are always higher at the pre-operative period. Anxiety or fear-related endogenous epinephrine release is thought to be responsible for this outcome [18] . In the present study mean values for systolic and diastolic blood pressures are also recorded to be the highest at pre-operative measurements with an exception of diastolic pressure measurements for minimally difficult cases where intra-operative mean diastolic blood pressure is recorded higher than the mean pre-operative value. Although there are differences between pre-, intra-and post-operative measurements, these differences failed to show any significance for both systolic and diastolic blood pressures. Parallel to our findings, Beck and Weaver state no apparent blood pressure changes before and after dental treatments as well [19] .
On the other hand, contradicting to our results, Alemany-Martinez et al. [6] report preoperative systolic and diastolic blood pressures to be lower than intra-operative measurements and the highest during the intra-operative period as well. Although they found no significance in the pattern of change in diastolic pressure, their study revealed a significant pattern of change in systolic blood pressure [6] . Although some researchers find similar results about systolic blood pressure measurements, their results additionally reveal that diastolic blood pressure shows a significant increase at the intra-operative period [12] . However the same study notes no association between dental anxiety levels and blood pressure [12] . Another study conducted with hypertensive patients undergoing dental extractions also mentions the lowest measurements in both systolic and diastolic blood pressures during the pre-operative period [16] .
Anxiety-induced endogenous epinephrine release from the adrenal medulla has a direct impact on heart rate as well [20] . However whether there is a pattern in heart rate changes over the course of dental treatments is also unclear. Alemany-Martinez et al. [6] report heart rate to be the lowest during the pre-operative period, although overall results of their experiments failed to reveal any significance in the pattern of heart rate changes. Liau et al. [12] inform lowest mean heart rate values during the pre-operative period as well. In our study overall results for both pre and postoperative mean values are similarly lower than intra-operative mean heart rate values. Contradicting with our results, Paramaesvaran and Kingon [21] mention higher pre-operative heart rate values than intra-operative measurements. Our results are parallel to Gungormus and Buyukkurt [16] who report no statistically significant changes in heart rate over the course of dental surgical procedure.
Although shown insignificant, it is important to emphasize that mean post-operative values for all three parameters were noted to be the lowest. It is suggested that anxiety continues until the moment of tooth extraction for third molar surgeries, which may be the reason why post-operative measurements are found to be lowest in all three parameters [5] .
The literature consists of contradictory findings on this issue but this contradiction may be attributed to the way these studies define dental anxiety [6, 12, 15, 16, 21] . First, it is important to understand that not all anxious patients are in fact diagnosed with the condition. Three main factors which are duration, intensity and frequency determine the difference between pathological and normal anxiety. Thus if anxiety prolongs (duration), interferes with normal life (intensity) or becomes chronic (frequency) then a true dental anxiety may be diagnosed [22] . Physicians should keep in mind that just like stress, normal anxiety is a natural adaptive reaction but pathological anxiety is an interference with the ability to cope successfully with various challenges or stressful events [23] .
So if these patients had not showed up to their appointment or even when they did show up, if significant cardiovascular changes were in fact observed in these patients, then we might have talked about a true pathological anxiety. However anxiety, simply claimed by patients, is not enough for a diagnosis of dental anxiety because patient-reported anxiety may not always have a physiological basis [22] . Also as seen in the present study, blood pressure and heart rate do not vary significantly before, during and after the surgery. Also surgical difficulty and duration cause no significant changes on physiological markers of anxiety.
A different study, to assess changes in blood pressure in middle aged patients, reports larger blood pressure increments during surgery. Therefore since our study group consisted of a young group of patients with a mean age of 24, this may be the reason why there is a lack of significance in blood pressure and heart rate changes [24] .
Most patients who visit dental clinics for surgical purposes are already misinformed or are in a perception that their surgical procedure will be the toughest, the most complicated surgical procedure of all. Since these patients who show up to their appointments are not truly suffering from an anxiety disorder, their state of anxiety may be reduced or even eliminated by pre-operative conversations and reassurance, which in return may allow the surgeon to optimally function through the procedure, without worrying about the psychological state of the patient, even if any intraoperative complications occur.
Conclusion
Despite the common belief that dental procedures initiate anxiety, this study verifies that patient-reported anxiety does not have physiological basis and similarly surgical difficulty and duration cause no significant changes on blood pressure and heart rate which are known as the physiological markers of anxiety. Dentists should keep in mind there are and will be patients who report being anxious, fearful, phobic, or panicky; nonetheless they will go to see the dentist, and if additionally these patients allow dental procedures and do not experience enormous health effects, then their reported conditions are not enough for a dental anxiety diagnosis. However there are not enough studies on how patient anxiety effects surgical manipulations, post-operative healing processes or complication rates. Authors advise to plan new studies to reach more conclusive results in the future.
